
‘-%
.,
>..

,, . . ,-

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS
1() DEC1947

TECHNICAL MEMORANDUM

No. 1167

CALCULATIONS’ Am EXPERIMENTAL INVESTIGATIONS

ON THE FEED-POWER REQUIREMENT OF AIRPLANES

WITH BOUNDARY-LAYER CONTROL

By W. Kruger

TRANSLATION
m

‘‘Rechnerischetid experimentelle”Untersuchungzur Frage des
Ford.erleistungsbedarfesveinFlugzeugenmit Grenzschichtbeeinflussung”

Deutsche LuftfahrtforschMg,ForschungsberichtNr. 1618

‘Washington

September 1947

-.
.,

N A.C’A LIBRARY
LANGLEY MEMORIAL AERONAUTICAL

. . . .. ,. LABORATORY

Langley Fieid, Va.



—...—

lllllllllllllllmml~llllllllllllllll
31176014415583

,

NATIONALADVISORYCOMfITTEE FOR AERONAUTICS

~CENICALMIMORMD’U4xvo. 1167

,:
j_. .,.,..,1
‘\

1“

CAUXJLMIONSMD ~ ,~ -TJGATION’S

:;
!\ ON THE FEED-POWERIU3QUREMENTOF ~
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Abstra&: Calculationsand testresultsare givenaboutthe~’
feed-powerrequirementof airplaneswithloundary-

1 layercontrol.,C~es and formulasfor the rougheati-
mate of pressure-lossend iced-pGwerrequirementare
set up for the investigatedarrangementswhichdiffer
structurallyand aerodynamically.Accordingho these
resultsthe feedpowerfor threediffel-entdesignsis
calculatedat the end of the report.

outline: A. Purposeof the investigations

B. General?emarkson the feed-powerrequirementof
airplaneswith boundary-layercontrol

C. Feed-powerrequirementfor threedifferentarrangements
for boundary-layercontrolwhichare structurally
possible

I. Suctionin the landing-flapregion,blowlngin
the aileronregionof the wing

11.Blowingoverthe entirespan

111.Suctionoverthe entirespan

D. Resultsof meas&xmentswith i-es~ed to pressure-loss
and powerrequirement

I

, 1. Suctionin t@flap region

11.Blowiw overthe entirespan
n.
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SYMBOLSAND DEFINITIONS

aerodynamicwing wea of refei-ence
momentcoefficients,metersz

aerodynamicwing areaof reference
coeffj-cientc~j meterU2

for forceand

for the flow

local’flow crosssectionin the airylane,rneters2

localflow crosssectionin the wiry;with suction
or blowingarrangement,respectively,meters2

local.flow crosssectionin SFU ylaiie,meters2

localflow cresssectionat the locahionof air~
expulsion}meters

greatestCI’OCS-SCCtLOIld. Si’e:. 01 the ihSdC&C,
~.~ei.c; 2

flow crosssectionin the blowe~
(

“1
f (D=’- d2)/, met.cm32

blowercrosssection
()
~ D2’
4

; ?mtars~

totalflow quantities (z+)

flow coefficient
()
-L#-

f~ee-stresmvelocity (m/~)

loce2.flowvelocityirl the interi.oi-of the airplane(m/s)

free-streamstagnationpressuiie(l@rlq

spzinof the wing, meters

spanwiseextentof the fuselage2?ze+Wrs
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Y coordl”nate“In,directionof span,meters
- ,.

ye,B

‘i,a

z~

‘G

D,d

z

Deff

h

K

!!

‘1
X@

spanwiseextentof one-halfof the wf~ with suction
or blowixig,respectively,meters

insideor outsideting chord,meters

wing chordin the”reglonof the wing with suction
errangetint

wing chordin the regionof the wingwith blowing
arrangement

mean wing chordin the regionof wing with suction
or blowing,respectively

wing chordat the locationof the blower,~ters

outerdismeierand hub diameter,respectively,of the
blower,meters

heightof flow passingthroughthe t~ottling plane
in the wing with suction,meters

diameterof a circularcrosssectionequivalentto the
crosssectionof the interiorducting,meters

hub ratioof the blowerequalto d/i)

slotwidth on the wing with suct,ioncm
respectivelymeters

profilethicknessof the wing,meters

,()
b2’,aspectrati~ —
,FaO ..

frictioncoefficient

Ihwing,

“roughn& ind~.(accordingto HtitteI), meters

..”
drag coefficientfor turn”ofducti,hg,throttling,

.#..~ffWerssuddenenlargement..

( )

. . .
geometricalra%icj ~

dpr
.,

f~’”‘
()

geometricalratio ~

lb
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N(IPJ)(GermanHP)

C2

~
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Subscripts:

B

s
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()geanetricalratio ~

?02
Uffei’enceof the staticpresknn?esin

e.tiernalflow at entranceand exit

()f%st
static-”presmrecoefficient —

~

()
G\

lift coefficient ~
* ae

(. )

L&
pi”essureloss coefficient —

qcQ2

feed power

(!PY)=~feed-powe~coefficient ._.—
%J F

.. <p,

blowerefficiency
/

propellerefficiency

wing with blowingaxrangenent

wingwith suctionarrangement

PURPOSEOF T~ INVESTIGATIONS

the
0%3/@

The possibilityof usingboundary-layercontrolfor p~oduction
of high lift dependsmainlyon the questionwhat structmsl,pressurej
and flowrequirementstill be necessaryto obtaina certainlift
coefficient.The coefficients,CQ and Cp, ueasuredat the profile,
alonedo not yieldsufficientinformationin thismattersince
in the flowthroughthe airplaneadditionalinternalpressurelosses
originate,the magnitudeof whichdependson the feedingcapacity
and the flow conditionsin the airplqne. It doesnot seempossible
to offera solutionof the problemof feed Towerrequirementwhich
would”bevalidfor everydesignof the bowadary-l~ercontrol
apparatus.Thus only a few differingdesighsshallbe investigated
by calculations,whichare partly&l.p_ported%ytest results. The
purposeof the calculationsis.onlyto give a survey,of design
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requirementswith coneidsration of the actualthree-dimensional
m-. designrelationsof presentaircrafttypes. The formulasfor a

\
roughestimateand the work sheetsfor computationpresentedin
the sectionsC-I and C-II can give,for a preliminarydesign,quick .

j
‘~

and sufficientifiormationon the,Influqiceof individualdesign
featureson pressureand feed-powerrequirement.”Sinceit is the

I
/1 firstand
/ aboutthe

powerfor

B.

main purposeof this-investi~ationto give information
magnitudeof the teedpower,the yroblemof motive
the feedingapparatuswill not be hrthordiscussed”

-AL REMKIKSON THE FR?WPO~REtiUtWMENl OF

AIRPLANESWITE BOUNDARY-LAYERCONJ2V.3L

The mass of sir used for boundary-l~ercontrolentersthe
airplaneinteriorat the suctionpoint S and leavesit at the
blowingpoint B: Thisway, in the idealcase,no energylosses
will occurin the interiorof the airplane. The pressureJump
requiredof the feedingapparatusin this case is composedof
two prts, namely:

(1)The differencebetweenthe staticpressuresat suction
and blowingpoint: @8t = PH~ - %t~”

(2)The 10SS of kineticener~ at the exit: ApA = ~ WA2.

The firstamountie, for a certainpositionof the suctionand
blowi~ point,dependentonly on the flightst~.ation pressure
and

the
and

on the angleof attack,therefore,Ap8t = cpst(a) q, whereas

secondmount is essentiallyinfluencedby the flow quantity
by the designof the exit.

Thus the feedpowerin the idealcase is:

Ni . Q(@8t + LJPA) (m kds) (J@

Actuallytotalpressurelossesoccurin the flow throughthe
> airplaneby frictionand separationswhichare in good approximation

proportionalto the square
the efficiencyof the feed
powerrequirementthen is:

N=~

of the internalfl~jvelocity. Taking
apparatusinto consideration,the actual

Q(@8t +APA+A~)

\
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with APA * well as A% proportionalto the

g 9)2.pressure
(f]

~ the followingcalculationexit loss and
loss are referredto the stagnation’pressureof

local stagnation

The totalpressureloss is then set up In the foi~:

In this equation F representsthe aerodynamicW* area of
referencefor the coefficientc~ and n, a dimensionlesspressure-
10SS coefficientwhich peitits a directcomparisonof the individual
partiellossesoriginatedty the exit enei”~snd by separations,
friction,and directiorialch~~e~ In the flow throughthe wing.

Thus one obtainsfor the totalpressurejwnpto be produced
by the feedingapparatusend for the requiredfeedperformance

AP = cpst
()

qi=n$~2

1

(leg/m2)

I1Q cp~tN=—
757 _

q+n~ ($J2j(PS) f

(B2}

J

If one equatesaccordingto definition:~ = c~ v I’ end q = ~ ,
.. Fae Ca

one canwritethe equationsin the form

GAp.~ ( ‘2
Ca cPst+ n CQ

)
(kg/m2) ‘~

ae

wherethe feed-powercoefficientcl =

(33))
(w) iI

L;

cP~t
C~-1-Ilc3 “:

Q“
. The value

~a3/2
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is not Identicalwiththe value ,Cp used in the pyblicatiom
C%t ,.,
so far %cauae It ‘takesonly”’the &tatic pressurein the &ternsl
flow intoconsiderationwhereas CP alsocontainsthe throttling

lossesat the entranceintothe wing as they existedfor the special
testwing. Cpst canbe determinedfromthe test vdUf3 Cp bY

formingfor Q = constant

(
Cpet= Cp -

If Cp for ‘duct= O is

the difference

cPvduct=o)Q=constent

not measured,an estimatehas to be

made of the entrancelosses.

The magnitudeof the pressure-losscoefficientn dependson
the kineticenergyat the exit of air fed, and on the aero@mmic
merit of the flow ductsin the airplaneinterior
be calculatedfor severaldifferentconstruction
spentdue to losses

#

i

~? 2 FnCs
7-Nva-- ———

7% Fae P Fae Ca3 2

increaseswith the thirdpowerof the coefficient
of the co for a given c. is thereforethe more

and shallfollowi%
types. The power

CQ. A reduction
urgentthe larger

n; that Is, the worsethe-flowconditionsin the interiorof the
airplaneand the higherthe exitener~. For a givenconstruction
type (n) of the boundary-layerapparatusthe puwerincreases
accordingto equation(B3.)with the flightweight,the root of
the surfaceloading,the f?eding’powercoefficientCZ S@ the
arearatio F/Fae* In the case of suctionor blowingoverthe
entirespan F/&= = 1.0. If one combinesboth kinds of boundary-
layercontrol,suctionand blowing,in one construction,therebecomes,

~ ~()~~, Sincethe s- ~r q~tity iS used forfOr cQ6 = c~$ F
ae

suction~d blowing. Thus this arrangementcsnbe expectedto be
most fav.~ale as concernspcnierrbqtiir6ments0 “: .,

To give an idea of the ratiofeedingpowerper totaloptimum
propulsiveefficiencythe followingcaparison is made betweenthe
feedpowerand the glidingpowerat high speed:
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Fead mower: N

@vel fl.bzhtPUWBT
at hi~h speed:

Frcmj

cw~)
loss

N/N~

N—=
N~

this equation

IfACA~Nos 1167

N~ 1 rG3 2 %S (Subscript
‘— ~~ S=M@75~pr

s speed}

one can dbterminefor a pro$ectfor which N~}

Cas are known,afterestimatingthe efficiencies,what pressure-

coefficientn is permissiblefor a desired c
%andi%

~~

is limitedto a certainmagnitudet The connectionbetween
Ca and CQ can be takenfrommeasurelnentsat the profile. Since
the feedin~ ower

f
N for givenstructuralconditionsis, according

to equation B3), proportional.to the feedin~-powercoefficient

cm Cg + n cQ~
-at “

~ 3/2
‘a

thereexistsfor each apparatuswith respectto the feedingpower
en OptimlmlCa which canbe obtainedfromthe characteristiccurve
of the profile,if n is known. For instancein figures1 to 3
Ca = f(cQ) end Cl = f(ca) is p~esenbedfor the suctionflap

profiles23~12,23015,and 23018 whichwere investigatedin
CXottingen(l).Frm the graphsone.csnsee that C2 ~d cQ/ca

have theirminim~ at aboutthe ssme ca-vaiue.ThG Ca,-value
fo~ whichthe feedingpowercoefficientbecomesa mirfimumchanges
very littlewith the pressureloss coefficientn. The cz-malues

becomethe more@avorable in deviatingfrom the optimum Ca,

the lsrger n. Thus the improvementof Ca-values for aerodynsmi-
call.ybad flow conditionsis a veiay~ostljrone.

“Becauseof the greatimportanceof the presstie-losscoefficient
n for the feed-powei-requirementof apparatuswith boundery-leyer

. . . . . .,,
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controlfollowingthreedifferehtecrrangehumtsthat
possibleare inve~tigated:

(1)Compound-engement: Suctionin the
region,blowingin the aileronregion. Entire
in the wing.

(2)Blowing
in the wing.

(3) Suction
in the fuselage.

9

are structurally

landing-flap
feedingapparatus

overthe whole spen. Entirefeedingapparatus

overthe whole span. Xntirefeedingappmatus

Eitheran axial%Ioweror a jet apparatusis providedfor as
feedingapparatus,The calculationscarriedout in the sections C-I
and C-II are supportedly powerand pressure-lossmeasurementson
two wings of about7.0 end 4.0meters,respectively,semispan
with a built-inaxialblowerof 300 mil.limetei-s outerdiameter.

,

C-I.FEED-POWERR13QUIWMENTFOR SUCTIONIN TBJIIANDING-FLJU?

RIZGIONAND BLOWINGIN THE AIIJZRONREGIONCIFTHE WING

Decimationsend
from fi~e 4.

[COMPOUrmARRANGEMENT)

arrangementof the apparatuscen be taken

The flow crosssectionsat disposalin
designatedwith f, the areasof wirg with
for each caseport and @tarb_ together,

the wing interiorare
suctionor blowing,
with l?.

The coefficientCQ is referredto the entiresrea of the wing

with suction;therefore cQ = ~ = cQs.
v F5

The totalpressureloss arisingin the flowthroughthe wing
is subdividedintothe follbwi~ parts:

7.

‘[

● . g m Am ,,
loss at the entranceintothe sucttonflap slot.

G~2A
-do ~ loss causedby the throttlingwhich 1s necessary

for obtaininguniformdistributionof feeding2 3 capacity
-&l

‘3(3) ~~s frictionloss in the ting with suction
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“[; (4}-A& turn of ducting- loss in the wing.withsuction

&~ (5)A~ diffuserloss at the transitionfra the feeding
.U

i

apparatusto.the wing with blowing

1

~or(6) A@B turn of ducting- loss in the wjjngwithlbwing

‘~ (7)A1333 frictionloss in the wingwith blowing

(8) ApA exitloss at the blow slot

The eightpartiallosseswe “ccanpiledin table1. The loss
may be writtenin all cases: A?P@f: w is the localflow

velocity5.nthe interiorof the wl&”at the“respectivepoint.
By usingappropriatesreaand lengthratios~d takingthe defini-
tion Q = cQ~ v F~ Intoconsiderationsall losseswere referred

to the free-streamstagnation,pressure. Then the expressionsto
be foundin the thirdcolumnresultfor the partiallosses. The
dimensionlesslosscoefficients-~ containedthereinwere taken
from the measurement(sectionD-I) on a wing of this special
arrangement.The pressure-?.0ss coefficientsn for the various
structuralconditionsIn quost~.oncan be takenfrom the curves
and nomogramsof thework sheetfor computation1. The sum of
thesepartialpressure-losscoefficientsis a measurefor the
magnitudeof the totalpressureloss in the flow throughthe
wing since Ap iEI,accordingto equation(B:),

. .:..
,.

Ap = ~ig*
q(c@t + ncQ2) = cp~t q+ n2 ~

)
●

.
,..

The portionswhichcorrespondto the ?riction,losses(+~, ~)

are to a slightdegreedependenton the absolutem.agmitudeof the
wing* However,sincethe frictionlosseszcregenerallyveryslnall-,
this dependencecenbe neglectedin firstapproximationand n
can be assumedequalfor all geometricallysimilarcases. In order
to obtaina clearview of the influq@ceof the area and length
ratioson the separatepressure-lo@#coefficients,theselatterere
followingcompiledfor threetrapezoidalwingswith a taperof :“
1:2 @’
length

the aspectratio~.0, 7.5,and LO.O. The main area and
ratiosof the t~ee wings cen be takenfrom figure5*

..’
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.’The foil-ng apspmp~ions..%e.W@: ,.. ~,

(1)Air ductthroughthe wi~” accordingto arrangementI
(fig. 4).

(2) Rear
chora.

(3)”Flap
wing chord.

(4) Area
IJluwing

(CQS.

sparpositionat about75 percentof the wing

and aileronchordabout20 pe~centof the 10CSJ.

of wing with suc~ionequalto area of wing with

= %)”

= o(~)Air feedingby an atialblowerof the hub ratio
v“”

(6)Blowerentrancecrosssectionlies ap~roximately
25 mercentof the mmnwise extentof the suctioning toward
the-fuselagefromtie pointof divisionbetween
and blowingducts.

(7)Air ductchannelsin the ting“intei-ior
sheetcovering.

the suction

with flat

(8)3310wershall$ustdisappearin the profilecentour
(GtraaX)●

under theseassumptionsone obtainsfromthe work sheetfor
computation1 for the givenconditionsthe followingpressure-
10ss coefficients:

>
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Pressure-1osscoefficientn
No. I%rtid.10s60s .A=5 A=1795 A=1O

.

1 ~ entrance1088
(s/1)~= 0.02 o@300x 104 O*3OX1O40.30X 104

● 03 ● 130 .1? .13
● 04 .080 .08 ● 08

2 Xlw ttiO%tlillg10s8 ● 100 .100 ● 100.,

3 Frictionloss suction.

~~~or ZYB
)

= 3*OZU .02 .04 . 0/3

4 ~.~ tuxn 10ES suction

‘wing .05 . l? .22

5 ~ diffuser10BS .36 .96 1.84

6 ~B turn lossblow

wing .03 .05 .10
.

‘$

7 ~ frictionloss
blow wing

(
for ZtiB=200m

)
● 05 .20 *44 ‘

8 nA exitloss
(s/1)3= 0.005 4.00 4.00 4.00

.0075 1.78 1.78 1.78

.01 1.00 1*OO 1000
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T.or,.cust.omarytad dbmsions, of. $he.suctionslot.of3 percentof
the chord,as they correspondfor Instanceto,the suctionflap
profilesmeasiuzedin G&tingen, thereresultsas totalpressure-
10SS coefficientfwr variousasFectratiosand blow slotwidths:

A=5 A =795 A=lo”

~ (s/2)~= 0.003 4.74 x 104 5.61x 104 6991 x 104
.0075 2.52 3“39 4.69
.010 1.74 !2.61 3.91

The dependencen = f(& ~/ZB) is presentedin fi@Xe 6.

One can see fromthis diagramthat n and therewiththe power
spentdue to loss Nv is to a veryhigh degreedependenton the
slot-widthratioof the wingwith blowingand on the aspectratio
of the wing. Besidesthe drawn-incwves for the totalpressure-
10SS coefficient,the exitloss alsois drawn separately (dashed-
line curve). The shareof the exitloss in the totalloss increases
with decreasingslot-widthratio (s/t)B. The differencebetween

nges ~d nA indicatesthe magnitudeof’the inteiam pressure

losses. This latteris largelydependenton the aspectratio.
For a customaryblow slot of 0.75.percentof the wing chordthe
feeding-powerrequirementis tiost twiceas lel~gefor A = 10
as for A = 5. This tendencywas to be expectedsincewith
increasingaspectratiothe disposable flow crosssectionsdecrease
-d the lengthof the flow path increases.Thereforethe friction,
turn,and diffuserlossesmust increasestrongly. A comparison
of the partiallosses(fig”.7) for.custamaryslotwidths

oQ1s 03=0.03 and $ = 0.0075 showsthat the exit and the

diffuser>OSS form’tfielargestpart of ths tot@.loss,particularly
so for high asyectratios. It is thereforeessentialfor obtaining
smallfeedingpowersto keep thesetwo lossessmall.

The e~it lo~s is for a given Ca dep&dent onlyon the exit

It is inverselyproportionalto the squareof the‘lotwidth.‘-
slot-widthratio. To keep it smallthat,squarewouldtherefore
havetobe as largeas possible. Howeverjaccordingto measurements
on whgs with blowing,the cQ-requlretinL.for a given.ca
becomesin certain

(3)“ If on wants

limitsthe deller, the smaXLer (s/t]B(2))

to utilizethis factfor the givenarran&em?nt,
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one has to reducethe ratio Fs/(FB$since CQ~)?s must equal

c% ‘B” Thereby n also changest The feedingpower

Ca is:

F~
x- —

F (
CQS cp5t+ n CQQ3

ae )

wherein

F~

()

cQe
F=

f—
ae “c% Ca=COIISt~t

and

for given

Due to the ccgaplicatedfunctionalconnectionsa generalsolutionis
hardlypossible. It is more advantageousto yerformnumerically
the calculationfor each casewith variousslotwidthratiosand

F~
therewithvariousarea ratios —.

F-

The diffuserloss for a.givenwing size deyendsessentiallyon..... . .....
the magnitudeof the blowerdimneter. Sj.ncethis loss is inversely
proportional.to the fourthpowerof the blowerdiameter,considerable
gainsin powercan alreadybe obtainedby slightlyraisingthe

“ blowerfromthe profilecontour. +\In figure8 the dependencen= -e’

is plottedfor
09005, 0.0075,

an increaseof

\&G)
AAL = !5.0, 7.5, end 10.0, and for the slot-widthratioe
and O:O1. For instanceforA = 7*5 and &-\j = 0.0075

\ B!
the ratio D/?G fmm 0.1 to 0.14reducesthe pcwer

spentdue.toloss by one-htif.Furtherincreasesaobnger
yieldany essentialimprovement. For high-aspectratlogit is
particularlyimportantto selecta Ikrgebloierdi~eter. It shall
be pointedout oncemore that the decreaseof the pressure-loss
coefficient“n with increasi.~blow-slotwidth ,.~/2B,as shown
in figure8, by no means impliesa correspondingdecreasein power
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-spent,.dqe,to.~oes: it_$s..~~ f&~ .o~rience,.th@t”the
GQV~~b of the partwhich is the wingwith blowing
for a certain ca Increaseswith growingblow slotwidth ana

that the powerspentdue to loss is proportionalto the product
3 ,nCQ.

Approximateequation,- Accordingto the cal.cula~ionexz@.es
workedout so fer, dlffuserloss ana exitloss formby far the

major part of the totalloss. Sincethesetwo dependmdnly on ~
1~

()
and ~

233’
respectively,and the remaininglosses,underthe

assumptions1 to 7 made at the beginningof secti.mC-I,
aspectratio,one can writefor n:

n=nA+nD+nE+nDr +Kr+R

= “(%+ “M) ‘ ‘3($)s ‘ “h)

For tra~zoidalwings of the taperof 1:2 one can then
the followingapproximationfor n:

on the

obtain

“ 0.3)2

rangm of validityis, accordingto assumptions1 to 7, at the
beginningof sectionC-1.

This apprcdmatevaluefor n can be substitutedintothe
equations(B2)J (B3.)j in orderto determinethe pressureloss
and the powerrequirement.

The conditionsbeccmemore fa~abh for a trapezoidalting
with rectangularcentersectionand for the furthercase of a rear

t3ptrcposition< 55 perc&, a taperratio > ~$ ~ or $<0.2,
z

Fs< FBZ
()

respectively,qnd of a hub ratio ~ < 0.5..
D

Sincetoo largechangesUo not occurfor moderatedeviations
frctuthe assumedvalues,the equationiare suitablefor a first

——
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rough estimate.. More accuratevaluescm be obtaifidcmly.with
the aid of tinework sheetfor computation1.

C-II.FEED l?OWERREQU31WMENTFOR BLOWINGOVTXTEE ENTIIWlSPAN

Designationsand surveyof the arrangement“exeshownin
figure9. The arrangementrepresentsone of the many structural
possibilitiesand has, accordingly,to be consideredas a special
case. Of courseone couldthinkof placingthe bloweror the jet
apparatus,resyectively~in the fuselageand to ductthe air over
turnsintothe wing. This solutionwas disregardedhere because
the fuselageoffersonlyraeY~ sufficientspacefoi”the feed@g
apparatus.

The-flowcrosssectionsin the interiorof the wing are
iesi~ated by f, the area of the wing with blowing,port end
dxcrbosrdtakentogether,by F.

The coefficientCQ is referredto the entirearea of the

wing with blowing;therefore, CQ = c ‘ ._Q_.. QB VFB

The totalpressureloss due to the flowthroughthe wing is
subdividedinto the

(1)A%

(2)A%

(3) Aqw

(4) ApA

Totalpz-essure
thie arrangement”

suctionpointis

foX1.owingportions:

10EW at,the suction~oint

diffuserlossbehindthe blowei-

10SSby suddenenlargement

exitloss at the blow slot

lossand powerrequirementcan be calculatedfor
and.(B3),wfthalsoaccordia to eq;ations(B2)

(b

&o Sincein this syecialsrmngementthe
~

subjectedto the full stagnationpressureand

oPatsince,&a is known fromexperience, — - o(~)>Cpst becomes
qBM

Cpstz -1.0.

The fourpartiallossesare compiledin table2, The dhen-
sionlesslose coefficientswere gainedby comparisonwith a
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measurementon thisarrangement.The resultsof thismeasurmuent
-,= are givenin sectfonD-II. ~~ --

‘,
\ The pressure-losscoefficientn for‘thevariousdesign
~ conditionscanbe takenfrcxnthe curvesof the work sheetfor
{ computation20 For ths totalpressure-losscoefficientone
~, obtainsthe expression:

n=,~+IM@+ nA “
ha” ~
() [11 1

mi.

;[ ()

CD+ &2(c

“2r

()]{,

22
_Q
D

g~ -1-

()
+:2”

()121-172

One csm see fromthis equationthe dependenceof the pressure-loss
coefficienton the structuralconditions:

For normalcasesthe hub ratioof the blowerbecomesapproximately
v = O*5* The arearatio El = f~pm/$% must not be made too

large,in view of the factthat the diffuserhas a rathergood
efficiency,sincethe lengthsat disposalare emall. For the
wing investigatedthe mea ratiowas K1 ~ 1s250 The 10SS
coefficientscan be asswned,accordingto the measurementresults,
~E=O*~, ~D=O*5* The”losscoefficientfor the suddenenlarge-
ment at the exitfrmnthe sparplanelies,accordingto the measure-
mentsbetween C = 1.0 to 1.5, varyingwith the tbrottlhg conditions
(distributionof feedingcapac$ty)in the wing;the highervalues
are to be used for the casethat additionalthrottlingvanesare
builtintothe wi~ in orderto obtaina uniformdistributionof
feodir$jcapacityj$verthe span. However,the distributionof the
feedingdapacityis evenwithwt additionalthrottlingsquite
satisfactory,It aypearsJustifiedto assume ~ = 1.2 if the blower
lies at,aboutthe centerof the semis-pan and c = 1.5, if it is>
considerablydisplacedwith respectto the centerof the semlqxm,,

Followingthe pressure-losscoefficientsfor the wingstipresented
In figure5 (J~=5.0,7.52 and 10, 2a/2i= 1/2) are calculated.



The blowershalllle at 40 percentof the distance

meaeuredf~*omthe fuselage.For suddenenlargement
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b - bfuselxe
2

—
will be used in the calculations: -.

Furthermoi’e:c~ = 001 A

CJ)=o.~
5.0 7*5 10.0

K~ s 1.25 J& 2.32 3.58 4.73
u = 0.5

‘~ ‘G .94 ● 94 ● 94
L.—

With thesestructuralconditionsone obtainsfor variousaspect
ratios,blowerdismetera,&id slotwidthsthe followingpressure-
10ss coefficients:

—————------ .. ..——.-- .. .. .. ..... ...,. . . . ..



..–.;8..:.L=>_..=_____....=.= ..___.
.,. s—.

-.-.. f=,.-..

- . ..e.—.e~-~-~ ----- , , &4iGii

A=p I A = 7.5 I A = 10.0,
1—n~04 ;= 1

0.005 0.0075 o*010 0.00>
I

0.0075 ‘ 0.010 0.005 i h075 [ 0.020
I

~-.,.

0.08 ~~.60 31.:8 30.60 74.50 72.28 71.50 2.27.30 125.10 124.~(1‘
.10 16.10 1~.wl u “10 32.90 30.68 29.90 54..50 52.28 51.50

~

‘G “12 9990 7.68 6.90 18.00 15.78 15.00 28.40 26.18 25.40;
.14 7.15 4.93 4.15 n. 52 9.30 8.52 17.10 14.88 14010

,16 5.85J 3.63 2,85 8.b2 6.20 6.42 u.72 9.50 8.~
.~8 5.15 2.93 2.15 6.75 4.53 3“75 8.80 6.j8 5.80

.20 4.76 2.54 1.76 2.81 3*59 2.81 7.16 4.94 4.16

.25 4.31 2.09 1.31 4.74 2.52 1.74 5.30 3.08 2.30

, \
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The @aphs givenin figw?e10 showvery clearlythe immensely
stronginfluenceof the ratio D/ZG on the totalpressure-lcsa

coefficienijthat is, on the powerspentdue to loss. Also for this
type of installationthe conditionsgr~wworsewath increasingaspect
ratio. The lsrgei .A, ‘thelarger D/tG has to be, if the power

requirementis not ‘toincreasetoo much.

Ilouahestimate.-Similarto C-I, for this casealso a rule-of-.—
thumbformulashall%e given;underthe followingassumptions:

t~ = 0.1 1
c~=o.5 I Trapezoidalwing Za/li=~

c = 1.2

1“

Blowerlocationat !+0yercentof
v = o.? b -l)fusela~e

one can writefor the totalpressure-losscoefficientapproximately:

The equations(BP) and.(B3)
the pressure10CS end of the power
the approximati<;evalue:or n is

can be used for calculationof
requirement● Foi-roughestimates
fullysufficient.

Result. - The constnlcticmtype II ‘fblowiWoverentirespan”
accordingto figwe 9 showsfor the case considered.wherethe
blowei”shcmlddisappearin the profilecontour ~ s 0.12 that

()ZG

for eqlml.cQ essentiallyl~&er
ermn~ement1.

()
For : = 0.0075

ccoffic:entn of arrange&nt II
arrangementI. The pressureloss

pressurelosses“iv3SUlt then for

and A = 7.5 the pressure-loss

eqmls shouth*7 times the one of
2)L% = (!q~~t +n CQ ~ is, ~mite .

of the worseaerodynamicconditionsfor arran~emantII, not increased
to the samedegreeas for errs.ngementI, %ecau.sejaccordingto the
measurementsmade so far, the cQ-re(@re~~lt for equal- Ca, cm be
kept somewhatlowerfor tilowingthanfor suctton.
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,>.. Accord@g.to.,.

.,.

21

equqtion(B3) the’powerrequirementis

N-

the net powerspentdue

1?
F-ae

cPstCQ+ n CQ3

~a3)2

to loss is therefore

If one as an approximation
one obtainsfor the powers

Nv-#-
nc3

--?ae ~a32”

Case I:

neglec~sthe part coveredby the fuselage
spentdue to 10ss for equal Ca:

NV1- ~

1 + % ‘1CQS3
Case II: ‘vII

~1$ .~
NvI ‘I

In figU~L”e11 the ratioof the

CQB

. 1 nJ” CQB3

(-)‘%3 3
CQ$

sowers

presentedas a functionof c
d cQs

()
CQ

l+Q
‘QB

..-.
spentdue to loss NvII/NvI iS
and n 11/n 1. Thus the cayacity

wouldhaveto b-ereducedto aboutO.& (forequal Ca,ratj.OcQ#Qs

for Instancefor n 11/nI = 4.7) in ordertomeke the powers
spentdue to loss in the two casesof installationI and II equal.
Ratiosof such smsllnesshave nob been reachedso far. According
to the measurementstakenso far, onlyfor Ca-values which are
largerthan 3.5,blowingwill yielda greatermass of air than
suction. The feed-powei-requirementfor arrangement11 can%e
reducedessentiallyonlyby the use of lsz’geratios“blowertiemeter/
wing chordat the locationof the blower!’If one wouldsucceed
in installingsimultaneouslythe feedingblowersintothe existing
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need.lesof the motorsof a nulticnglne afir.planeone wouldachieve
many ml.vantagesat the sametime. Nzxnely:

(1)LarGeBlowel-di.?metereand thwewith smeJlerlosses

(2)Eventualuse of the feedingbloweras blowerfor
coolingIn fli@t withoutsuction

(~)

(4)

The following

No additionalweightfor motor of the feedingblower

The feedingyoweris at dispxml ‘

circumstancesconstitutethe difficultiesof such
a ty2e of constr~~ctior.:

(1]Air ductfromthe Mower to the wing shouldbe as
far as possibletreeof losses.

(2)The blowermust oyerateat a.largerr-m than the “
p?opellei-.A

C-III.I?uEED-POWEE

geazztnuumdfmionis necessary.

REQIJII?FI.2U!TFOR SUCTIONOVER TEEENHRE SPAN

The a.rrsngeuenirepresentedwas investigatedin figure12 in
the sme way as arrangementsI and II; for this arrangementthe
.air,quantityobtainedby suctionat the wing is”feclby a feeding
~mpsxatu.siil~talledin the fuselageand is blown otltin the rear
part of the ilusel~?esuyfaces Sincethe blowe~”is installedin
the fuselageand,besides,a considerablepart 02 the fusel~e
volumelulJ.sibe used as air duct,storages~aceis lost. The
apparatusis thereforehardlysuitablefor use in airplane
c.mwtruction(asidefrom 8pecialca5esof test er&inee3).Presen-,.,
t!ationof the”calculation~6 therefore@tied.
the poweri“equirementof the arra~ementIII for
a~ it.resultsfromthe cslculxhionsemittedhere
comparisonwifihthe arivmgenentsI end II.

in sectionE
a specialairplane
is givenfor
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D-I.MEASUREMENTRESULTSON PRESSURELOSSESAND POWER~Q~*
g+
1 ARRANGEMENT1, COMPOUND~*! %UCTION IN THE FLAP REGION,
i,
~
,
1
,. A.

B.

c.

BLOWINGINTBE AIIIRONRIZGION1’

Puxposeof the Investigation

ModelDescriptionandTest Procedure

TeatResults

A. Puryoseof the Investigation

The connectionbetweenfeedi~ quantity,presswe loss,and
yowerrequirementis to be establishedfor awing withboundary-
layercontrolwheresuctionof air i~ appliedin the landing-flap
regionand blowingin the aileronregion. Furthermoi-e,it has to
be investigatedwhetherfor the eelectedarrangementof the blower
and the Jet apyaratu~,respectivelya satisfactorydistribution
of the suctionand blowingquantityalongthe spsn can be obtained.

B. ModelIleecription- Test Procedure

The datafor the constructionof the testwi~ were taken
fromthe dimensionsof awi~ with boundmy-l~er controlfor high
lift production@annedby the firmArado - Flugzeugweilke,Brandenburg.
The dimensionsof the testwing canbe seenfrom fi.gure.13.The
feedingof air was accomplishedby a two-stageaxialblowerof
300 millimeters outer d.iemeter,the characteristicof whichcenbe
seenfrom fi~ure14. (4). The blowerwas drivenby an electromotor
of hO kilowattspowerat hOOO/minutewith yend~mn type of bearing~
overa blower(sic!)of the transmissionratio 1:2, For reasons
of ex~erimenteltechniquean inclinationof the blower’simftwith
respectto the rear sparplaneby 7.5° was requiredas can be”s,een
frctufigures13 and 15. The main area end lengthrqtiosof the wing
exe as follows:.

()g = 0.018 for ~ . 48°
“()

L?&
2,B”

= 0.7,52
.032 = 60° “zo”:B> . .. ,,

()&

ZB
= 0.008

()
&

18
= 0.18 Fe/FB =1.20
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For

~i . ~,= *.3)

‘I&
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~ = f~/Z2= 0.0235

J2fi 2G= 1.00 K= fBp* = 0.0210
~

D/ZG = 0.13 A= $7*6

(L~, * ~.52

10,)B

determtnat?.onof the feedingcapacitythe velccityprofiles
in the suctionflap slobwerem&m&ed. ‘The inte~i-ationof the
velocityoverthe spanof the suctionpars of the wing and over
the slotwidthyieldsthe feedingcayacity. The resultsof this
measurementof capacitywere in.good agreementwith a numerical
determinationof the feedingcapacityfromthe meen staticpressure
in the wing wj.thblowingand the blow slotares,.In order to
obtaina favomblc distributionof the feedingcapacityalongthe
spanof the suctionpazztof the wing a tlwottl.i~vane was arranged
closelybehindthe suctionslot (fig.15); the heightof the opening
throughwhichthe flowpassescouldhe reg=julatedin such a manner
that a.pyroximatel.yequalquantitiesenteredreferredto a unit of
spanle%th. The pressurejumpof the blowei-was measuredwith
totalpressuretubeswhichwere distributedo~ei>the entranceand
exitcrosssection. In orderto determinethe disti”ibutionof the
feedirgcapacityon the wing with blowingthe totalpressuredistri-
butionin the exit jetwas measwed on the multiple--tubedmanometer
with the aid of a pressurerake;fromthe totaly.’essuredistribution
the localvelocityprofilewas calculatedunilei”the assumptionthat
the staticpressww h the free Jet equalszero. _TIwpowerat the
motor shaftcouldbe detemined by measurementof the torqueend
the rpm Yzictionpowerof shaftsand gearsweremeasuredseparately,
with the blowei-disconnected.
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m.- —---
C. TestResults. ,,

(1)The CQ-~8tributionalongthe eym of the suctionyart

of the WIW, can be made approximatelyuniform.with the CLM of the
throttlingvane installedbehindthe suctionflay slot. Even
withouttlxlsadditionalmeasureit is bettei-than couldbe expected
for the unfavorableinstallation.Figure16 showsthe courseof

a alongthe spanof the wingwith suctionfor the case “a”
‘Qml
withoutadditionalthrottlingand for “b”with the most I@mrable
throttlingwith respectto the distributionof the feedingcapacity.
The ratio;pertinentto the most

()
capacity ~ are alsoplotted

Y
the free-streamcrosssectionat
suctionpart of the wirqjmustbe

fnvorablodistrilmtionof feeding

there. Thereforefor thiewing

disposalal.o~the span of the
reducedto shoutone-halfin

orderto make the co-distributionuniform..,

(2)The -cg:distributionon the wing with blowing(fig.17)

showsvery strongvariationsalongthe span,which are>however}
causedby a faultyconstruction.The spacesbetweenthe minima
correspondratheraccuratelyto the rib spacingof the testwing.
If one drawsin a mean value - curve,thereresultsfor all investi-
gatedd.ifflserarrangementsa slightincrea~eof the cQ-vDlueE3
towardthe outside,whichappeem favorable with respectto

stability.The ratio $ (slotwidth/wingchoi-d)was not exactly

the same,as can be seenfrom figure17. Accor@ingto the results
of new teststhe variationsin the cq-dist~ibution canto a
greatextentbe eliminatedif the ratio ~ is everywherethe

sameand diffuserand blow slotare properlydesi~d.

(3)Yower at the blowerehaft. The connection%etweenfeeding
capacity,totalpressurejumpof the blower,and lowerat the blower
shaftfor the flap angle q~ = h80 is representedin figure18.

The powerincreasesin good approximationwith the thirdpowerof the
feedingcapacity.For the maximumfeedingcapacityof Q = 3.351113/8
thd~e’retililiaak.“ptiwerrequirementtitthe blowershaft =31PS‘w
(GermanHI?)and a totalpressure$unp Apgea = 520 kg/m2. Under

the assmption that no lossesa-tall occurat the entranceand in
the flowthrou@ the wing end thatthe requiredp:”essurehead is
merelythe kineticener~ of the setleavi~ the wing,therewould
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resultas minimumpowerrequirementat the

Q ~tr
Nntn = 75 7b10wer~

(with ~t~ = stagnationpressureof the

The t’atio

no . %nimum. —...
‘actual

NACA ~No. 116T

blower shaft:

jetleavingthe wing).

representsa factorof merit of the arrangementwhichbecomesthe
largerthe muallerthe internal.pressurelossesand the largerthe
ratioactual/greatestpossibleblowerefficlencyo

For this,factorof merit one obtainswith fbloTT slot = 0.0474IU2,. . .

~blower- = 0.8 the followingvaluesfromthe measurements:
-..

Q I ‘Gw N~~um
(?,in-/sj (%’) (Ps)

1.02 0. ‘(6 0.49
l.>~ 2.40 I. 56
2.03 5.93 3.88

. 2.46 11● 31 6.87
2.88 17.87 11.10
3*35 21.18 17.42

One can Dee tlaaton the averagegA percentof the poweractually
requiredwouldhave to be expendedalso for the idealcasewithout
internallosses.

(4) Total pressurelosses.From the mean valuesof the total—..
presmrcs immediatelyaheadof the blowerthereresultsthe dependence
of the mean totalpressureloss on the fedir!!ca~acitywhichis
representedin figure18. For a feedingc~gacity Q = 2.46m3/s
themean total.pressuresin the throttlingvane plane,in the exit
crosssectionof the diffuser,and in the inteuiorof the wingwith
blbwingwere alsomeasured. In the followii~tablethe separate
paxtiallossesare compiled..Sinceaccordiw to the calculation,
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. .

cPst= 0$ ‘orthe

The partiallosses
fOrm

test the followlng

ATgee =qnc Q~2 =

~ n cQ~ 2, and in this case

willbe true:

()
~~2n

are thereforerepresented.in the dlmensionleas

with the value n accordingto definitionin wreement with the
valuecalculatedsub sectio~C-I.

ALn=—

Test values
pQ2

()El? Partialloss

No. Partialloss f Ap(kg/m2) au percentage
for Q = 2.46

=*
of the total

(~3/s)
s

1 Mean loss up to the
throttlingvane plane 25 0.345 x lo~~ 8.9

2 Loss in the wing
with suction,from
the throttlingvane
planeto the blower 20 .277 7.2

3, Blowerexitloss.
Blowerto diffuser
exit 40

● 555 14.3

4 Mean loss in the
wing withblowlng 10

● 140 3.6

5 Kineticener~ of
the jetleavingthe
WI% (=mean 3tag-
nationpressure) 170 2.355 60.7

6 Residual 15 .208 5*3

Total10sS 280 3.88 100● o
t

27

.
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The residualgivenin 6 comprisesthosepartiallosseswhich
cannotye deienuinedwith certaintyend also an additionalamount
of kineticenei-gyof the jet leavingthe wingwhich is causedby
the uneven cQ~istrilm.tionon the wing withblowing. The

compilationshowsclearlythatmainlyexitloss and diffuserloss
make up the totelloss as alreadymentionedin sectionC-I.

In orderto obtaingenerallyvaliddimensionlessdrag coefficients
for the calculationperformed.in sectionC-I, t$e seyaratepcn%ial
losseswere given in the form A...~ g Wlocd . In the following

tablethe partiallossesmeasuredfor Q = 2.46u3/s are plotted
and according to themthe equationsuseflfor canjjutationand drag
coefficientselectedin such a mannerthatthe resultsof calculation
andmeasurementagree(designationsas in table1).

.__.-------- . ------.--—.—-.-.-—.—-- .--—-—---------—-----..--—-- —



NOW Loss IFormulationof the equationusedfor Drag CalculationAp Me~urement
computation coefficient (kg/m2)

1 Entranceup to A% = ~E ~ WE2 LE = 1.2 26 25
throttling
vaneplane

2 Lossin the
throttli~ A% = cm ~ ~~~2 Cm = 1.0 6
vane@ane

3 Frictionh A~~ .AQWG 2 x~ k =5m=
thewing 2“& roughness
with

()
d

~ -.&Xl? ~af= g g:yo 4“ 20

suction )
k = 102 ‘eff

e~ m .
HutteI

4 Turnof
ducting-

%Crs = ~~~ g w~2lossin the
cKrs

= 0.5 12

W* with
suction

.
5 Diffuserloss

at junctionApD s ~
blower- D8 ~m= ‘1~OB)2 CD=l”l 40 40
wingwith
blowing

—

.



No

6

—

7

8

—.

Loss

hrn of
ducting-
10ssin
thewing
with
blowing”

~i”i Cti OIl h

thewing
with
blowing

Fozmwlationof the equationused fo~
computation

——

. . —

Swn:

Drag
coefficier

12

10

170

280,,

Measurement
(kg/m2)

1?0

280

..
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-—> The dragcoefficientsof thistable‘agree‘satisfactorilywith ~he
valuesmeasuredon singleturfiof ductlngand difiusersand were
tskenas basis for the generalcalcul.atlonof the sectionC-I.

D-II.~RESWTS ON ERESSURELOSSESAND l?OWERREQIXIREMENT

~ 11. BLOWINGGVXRTHE”ENTIN$S3%N ;’

Thesemeasurementswere carriedout by W. Schwier- AVA -
by orderof,thefirmlfesserschmittA. G., AugsburG,and were not
publishedso f~t Here onlythe main resultswhichwe of
interestin this connectionwill be given.

A. ModelDescriptionandTest Procedure

The testwing is a halfwing of h.20meterssendspanwhich
is furnished~tll a continuous~ flap. For ihe feedingof air
a two-stage axial, blowerof 300millimetersouterdiameterand
hub ratio0.5 is installed.The essential.arr~ement of the
blowercanbe seenfrom figure9. The ratioblow slotwidth/wing
chordi-emainsconstantalongthe span and is ~ = 0.008.

2
The

maj.nlengthand arearatiosewe the following:

y/2ti = 2.(%

2J2G= 0.94

D/2G = 0.18

~ = ().5

~ = 0.008

Rear sparlocatedat 5Q percent
chord

The feedingcayacitywas calculatedfromthe static-pressure
decreasein the blowerentrancecrosssection. By means of
throttli~ and guidingvanesin the wing a sufficientlyuniform ‘
CQ-distriblltionCd.0~the spanwas obtained.For dete~~tion
of the distributionof the fee~ingcapacityat the
velocityprofilesof the jetleavingthe wingwere

blow slotthe
measuredwith
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the aid of a totalpressurerake. The pressurerise of the blower
couldbe
blowl?r*

measuredon static-pressureholesahead.of and behindthe

(1)

E. Test Results

The ca-distributionalongthe syzmis evenwithoutany.—
guidingveneaquitofavomble. Additionalinstallationof throttling
and guidingvanesimprovedit still.more.

(2) &I&al me”6ure loss. The pressureloss increasesin &ood
approximationas the secondpowerof the feedingcapacity. The
valuesm.easwedfor a feedingcapacityof Q = 3 m~/S were:

Withoutthrottlingvanes AP = 40&/rn2)

With throttlingvanes Q = 470(kg/m2)

The exit10EW zd.onemounts to 220 kg/m2.

“In,thecalculationperformedunderC-II thintotalkrsssvre
loss is si~bdividedintothe four partiallosses:

AM entrance10ss

Z&q) diffuserlossbehindblowei”

Apex2 lossby suddenexpansionbehindthe rear Bpar

APA exit10s9

For thesepartiallossesthe equationused for conqxxtationcontained
in table2 is made. Sincethe pu%ial losseswei’enot measured

separately,the loss coefficient~ .+ hadtobe
Qw~ local

estimated.For Q = 3 m3/s calculationandmeasurementagree
well with respectto themagnitudeof the presswe loss if one
selectsthe followingvaluesfor ~ :
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CE= 0.1

CD = 0.5

t ~xp = 1,0 for the casewithoutguidin~and
throttlingvanes -

= 1.5 for the casewith guidin~end throttling
vanes

Thesevaluesare altogetherprobable.

For the measured.feed.ingcapacity Q = ~.()m3/s one ob-ljai~
with the estimatedloss coefficientsthe followingportioningof
the totalloss:

TNo. LOGL? Formulation

IIbAPA ~ WA2

Ap Calculation
Ap Measured

I’1oW cross

‘?:y

‘E
= 0.071

fG = 0.053

f= = 0.066

f~ = 0.066

fD = 0.050:
—

1“
Percentageof
the partial

Ap(k~/m2) 10ss contri-
foi-Q = ~ butedto the

(m3/s) totalloss

&
=i=i=T=
)95*5

I
4E0 ● 3 100● o 100.0

+05.0 h70.o

l—------
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E. COMPARISONOF TEE THREEARRANGEMENTSWl?IH~ AID

Followingthe pressure-losscoefficientend the
requirementare calculatedfor a certainairplaneto
clearpictureof the proportionsof the investigated
mentsto each othar.

For all threear~angements
arc made:

(1)Trapezoids.wing,

the fol,lowi~common

0FANEXAMEW3

feed-power
obtaina
threearrsnge-

assumptions

taper 1:2 aspect~atio7.5

(2)Thickneesratio a-bthe root 18 Tercent,at the tip
10”percent

(3)For flowsin the directionof the s:?arGn.lythe ‘
qmcebehind the rear spm is at dispcwel

(4) Slotwidth

(5)Flow ducts

‘(6)Feedingof

ratio
,()

= 0.03, ;
:a ()

= 0.0075
B

are providedwith flat sheetcovering

the air takes place “k.h~L@ en axial

blower or the hub ratio (d/D)=V-= O.>, ef~~ciency70 percent :

For armmgement I it.isassumed:

F@ae=o*45j Cpst = 2*O

ArrsmgementII: Ffiae= 0.9;
c3?st

=-1*O

/
ArrangementIII: F/%ae= 0.9; cPst

= 2.0

The lengthand arearatios,respectively,decisivefor the
magnitudeof the pressureloss are:

For arrangementI: D/lG

For arrangementII: D/ZG (Z~i/lG= 0c9k)

For arrangementIII:
‘Ga~R@~ ‘A/fR@
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Theinterestingvalues (pressure-losscoefficientand feed
ptier)em calculatedfor all“three’iu-imngementsas functionsof
the valuesabovewhich cen be changedarbitr=lly;for arrangements
I and II frcmithe rule-of-thmnbformul.asof sectionsC-I ~d II,
for arrangementIII fromthe resultsof the calculationnot published
here.

ArrangementI

D/lG 1/104n

0.08 12.18
● 10 5*44
● 12 3.38
.lb 2.71
.16 2.50
● U3 2.30

{
FGa fR@

0.1
.2
●3
.4
“5
.6

ArrangementII

D/Zg

0.08
● 10
.12
● 14
.16
.18
● 20

1/104n

71*O
30.2
15.3
9.2

t;
3.6

Arrangement III
.-

l/lOk n

7.2
3.0
2.1
1.9
2.0
2.2

6.6
2.3
1.6
193
1*5
1.7

6.4
2.2
1.5
1.2
1.4
1.6

FA
—= 0.8FR@

604
2.2
1.5
1.2
1.4
1.6

I

Accordingto equation(B-?)(sectionB) the pwer required
is proportionalto the feed-powercoefficientc1 and the area

ratio F/Facj thus:

cp~t CQ + n cQ3
N“--$_ cz-.F& - cl

ae ae ca3 /2 eff

~------- -.
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it is asEmhedfor this comparativecalculationthat”for
obtaininga ca = ~.5 for suction.and-blowinga aQ~&61 .0 ;015

is necessdy which aboutcorrespondsto the hotuslc~tions
accordingto the presehtstateof hi$h liftresearch.

Then one obtainsthe followingnumericalvaluesfor the

oxpresaion C3 = &eff F~ cz which1s direct~ woportionalto the

feed powerrequired

0.08
● 10
● 12
●14
.16
.3.8

0.0304
● 0147
● 0099
.oo8&
● 0079
.0079

~ &

‘G %eff‘Faec~I
<,

0.08 I 0.327
● 10 .158
.12 ~

● 070
● 14 ● 041
e16 .026
.18 .019
‘o●C I ● 015

I

Ha .:
v ‘!

cl~f’f =+ c1
ae O*2 0.4 ~ 0.6 0.8 ,

..—

0.1 0.0375 0:C));J” 0.0338 0.0338
● 0143 .Oi43

.0U6 ● O.111 .O111. {
.0129 *0102 .0097 ● 0097
● 0134

● 0111.

I I
.0106

.6
.0106

I
● 0143 ● 0321 . oIi6 .OU6

.2 .0180

‘Ga “3 ● o139
●4

I
Q

●5

. ... . . ..-._. ,. ,, ... ,.. . .. ... .
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In figures19 entl 20.. cze~f,= $ c1 for the three-~ements

is plottedas functionof the deciai% lengthand qrearatios. One
can see fromthis exemplethatthe feed-yxren,~equlrementfor all
threetypes of construction,canbe m@e aboutequalif one only
providessufficientlylargeflow CW’OSS,sections. For equelfeed-
po&r requirementthe constructiontype I (comyoundaction)$s
clearlysuperiorto the two othertypessincethe spacebehindthe
rear spar is usuellyavailableend sinceno essentialdisturbances
of the innerconstructionor of the outershapoof the airplaneare
causedby the installationofthe boundary-leyerapparatus.

Figure21 showsthe feed-powerre~ulrementyer unit,weight
@SGermanHP/kg) es functionof the wing load.ingend the
structural.conditionsfor Ca = 3,5 and CQ = 000150 The curves
ere validunderthe assumption made at the beginningof seetion Et

The specificfeed powcmcan be calculatedfrom:

-—

F. STIBiARYAND DEIY(JCTIONS

The resultsof cslcul.ations andmeasnuwnent~with re~pectto
the powerrequirementof airplaneswith boundary-layercontrolare
given. It is shownthat of the investigated,structurally possible
arrangements:

I. Suctionin the landing-flapregion,blowingin the aileron
region

II.Blowingoverthe entireBpan

III. Suction overthe entirespan

arrangementI is superiorto the othertypesof construction.In
general,onemey for all typesof constructionasmme thstthe feeding-
capacitycoefficient CQ requiredfor a certain ca plSYSthe
main part for the powerrequire~entand the pressureloss,
respectively,whereasthe pressurecoefficientc. which .“

sat
coversonlythe differenceof the staticpmxmres at the auction
Slld blowing pobt is of lesserimportance.For all threecasesit
Is very importantfor obtaini~ smallfeedpowersto mske the
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narrowest cross sectionof the fee&apparatiw(bloweror jet
apparatus)as largeas possibleshce the kinettcenergyof the
flow at this lQcatiQnis lostto a @?eatpart. Theconstruction
type I offersthe “&eatadvantagethat theentire arrangemeq.t
(feedappara.tusand air ducts)is instal.ledbehindthe rear spar
of the wing structurewhereasfor the tyye”II sparperforations
are necessaryand for type III a Tart of the loadin~spacein
the fuselageis lostto flow ducts.

Wans”Mtion by MaryL. Mahler
National Advisory Cmmittee
for Aeronautics
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F’igure1.- Profile23012.

---CQ

Figure3.- Profile23018.

F@ure 1 to3.- Feeding capacitycoefficient

CQ
and feedpower coefficientCz as

functionsof ca zundpressurelossco-

efficientn. Validforsuctionflapwings

‘K1
with — = 0.20.

2

IA
co—Q?

Figure 2.- Profil,e23015
I
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Ii
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-F

I

Section in the

suction wing
region

w(< Throttling

—4

sheet for
influencing

the mass distri -

-— bution

Section in

the blow wing

region

Figure 4.- Arrangement I. Compound arrangement. Suctionti the flap
region;blowing in tie aileronregion. Entire feed apparatusbehindth:
rear spar ofthewing.
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numerically.
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~ Pv
Figure 6.- Pressure 10Sscoefficient n = — as a functionofthe

qc 2
Qs

aspectratio ()A and slotwidthratio ~ for arrangement I (compound
B

arrangement accordingtofigure4). Validfortrapezoidalwings with
taperratio1:2.
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4

— Exit 10sS

l%ictionin
/

Turn loss
z blow wing

theblow wing

— Diffuserloss

_ Turn losssuctionwing

~ Fkictioninthe suctionwing

,’ Throttlingloss

47

‘Entrance loss

to the totallossforFigure 7.- Contributionoftheseparatepressure losses
variousaspectratios. Arrangement I (compound arrangement according
tofigure4),trapezoidalwing (accordingtofigure5).
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Front spar I

mar spar

l?ofile230f8

A Pv
Figure 8.- Pressure losscoefficient n = —

q Cnz
‘-%s

as a functionofthe

aspectratioand ofthe ratio“blowerdiameter/wing chord atthe location
oftheblower” forthreeblow slotwidths. Arrangement I (compound
arrangement accordingtofigures4 and 5).
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Section A+ A

Blower I

Figure 9.- Arrangement II. Blowing over thewhole span. Entirefeed
apparatusinthewing.
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Figure 10.- Influenceofthe ratio
“blower diameter/wing chord at
the locationoftheblowerflon
thepressure losscoefficient
for variousaspectratiosand
slotwidthratios. Validfor in-
stallationform II(figure9) and

lrni
v = 0.5, — = 0.94.

2~

Figure 11. - Ratio of the powers spent due
to loss Nv as a function of the ratio

feeding capacity requirement/pressure
loss coefficients.
blowing. Case II:

case 1: Su6tion and
Blowing.

,
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b—.

. ..... . .. . .

~~”~ Main bulkhead area
of the fuselage

--- -+

with aileron

\ blower

I section
.— in the

aileron
region

Figure 12. - Arrangement III. Suction over the whole span. Entire feed
apparatus in the fuselage.
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1.
Blower

i

Center front spar

o i
zQ Center rear spar

—“-”
-------

J
/

3 ~1 43

+ 29 - < -35-
, *190

4

3’:
* < 3690

Figure 13. - Test wing for determination of the pressure loss and the feed
power requirement. Suction in the flap region, blowing in the
aileron region.

M~~ coefficient f=L
—P

~% ~

y“%+
~y

pressure coefficient

Figure 14. - Characteristics of the two-stage axial blower. According to
ZWB report aUntersuchungen und Mitteiluggen Nr. 516n (W. Encke).
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Section in the suction wing
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,-.,
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‘% **
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Seetion in the blow .i”g ‘4

region

Figure15.- Blowerinstallationinthetestwing.
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..- —---=

--+

.- —-- -——.
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Figure16.- Distributionoffeeding
capacityalongspanofsuctionpart
ofthewingwithandwithout
additionalthrottling.

1- Without sdditionml throttling for
.— With regulation of the mass distribution
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)0
NG@5]

t

‘o

9

Figuie 17. - Distribution of feeding
capacity and slot width ratio along
span of the blowing part of the wing.

Ap

/

I 20
-~Q [rn3/s]

/

Figure 18. - Test wing of the arrange-
ment I (compound arrangement),
connectionbetween feedingcapacity,
totalpressure loss,and power re-
quirement attheblower shaft.
Measured atrest(v = O).

.
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Construction

I

Arrangement ●ccordinc
Type II

Blowing
to fig. 9

I

qfo

tt
Cpsl I

Construction Arrangement accord

Type I to figs. 4 ●nd s

Suction & blowing

O,f _DhG qz

qo4

Cleff

t mConstruction
Type III

valid for:

Q02

m ~~

+. 7&=qo3

●Q2 cQ,@o15
Oof

Q6 U. q8 =p*=280 ,

Arrmngem&nt

q2 q+a . (36
IG

–1a fR@

●ccordin~ to
fig. 12

\

ing

Figure 19.- Effective feed power co-

. 75YINefficient c
z r as a
eff G32

Fae P

function of the ratio ~blower
diameterfwing chord at the location
the blowern for Ca = 3.5. Trape-

zoidalwing of the aspect ratio 7.5,
taper 1:2, hub ratio of the blower
v =0.5.

of

Figure 20.- Effective feed power co-
efficient as afunction of the structural
cross section conditions for c. = 3.5,

u

construction type III (suction over the
entire span). Trapezoidal wing of the
aspect ratio 7.5, taper 1:2, hub ratio
of the blower v = 0.5.

. .—
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Construction type—I
-.

COn8t;ucti0utype11
Suction● nd blowing Blowin C (fig. 9)

(figs. 4 ●nd S)

(%L = Q03 (s/[)B .qoo75

~i)B=qoo75 cP@ = 10

q% = fo ?/6 =0/7

‘P* =2,0

?6
= 0,7

Figure 21:- Specific feed power requirement ~
G

Construction type III

Suction (fit. 12)

PS (German HP)/kg asa

function of the surface loading and magnitude of the blower.
Example for: ca = 3.5, c

Q~ = CQB
= 0.015. Trapezoidal wing,

taper 1:2, A = 7.5, hub ratio of the blower v = 0.5.
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